Landcare Research

The pathway to O A

precision pest control:

Species-specific toxin development

Dr Erica Hendrikse
Post-doctoral Researcher




Manaaki Whenua
Landcare Research

The pathway to precision pest control: (‘o

Species-specific toxin development




Introduced mammals are devastating %
for NZ's native wildlife

Images: DOC, Unsplash



An expanded toxin toolbox would help to achieve %

Images: DOC, Unsplash



New toxin wishlist for pest control 9
2

Improved animal welfare
* Low environmental impact
« Cost effective

« Easy to manufacture

¢ etc..



Swiss Cheese Model of Risk Management

Toxin use in pest control

Harm to
non-target

species @

Toxin Delivery
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Toxin use in pest control

non-target

species @

Toxin Delivery

Image credit: lan M. Mackay




Manaaki Whenua
Landcare Research

The pathway to precision pest control: (‘o

Species-specific toxin development




Toxicity

/Biological response
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2. Targets 3. Targets that
critical for life differ between
" species
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Potential toxin targets for validation



1. Genomes provide protein target library O

« Recent development

« Genomes now available for:
* Stoat
* Ship rat
* Possum

Wi

W Wy

Image: Patrick Garvey
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1. Genomes provide protein target library
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W 2. Identify proteins critical for life

« G protein-coupled receptors
« Transmembrane proteins

Physiologically important
Highly druggable

Well-studied
Chemical probes available



« Identify groups of genes
critical for life
« G protein-coupled receptors
 Highly druggable
* Transmembrane proteins

 Cardiac function genes
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« Use sequence alignment to identify differences across species
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x: 3. Identify targets that differ between species O

« Use sequence alignment to identify differences across species

mw'

( (dentity | - -
1. duck_beta (... MGVAGTE VSRD VWMVGMGILM SLIVLAIVEG N

: 2. kiwi_beta (b... MVGMGILM SVIVLAIVFEG N
3. human_bet... MGQ" GNG QERDE VWVVGMGIVM SLIVLAIVFG N
4. mouse_bet... MGFHGND QERDE AWVVGMAILM SVIVLAIVFG N

5. stoat_beta2... MGQ" GN EERNE AWVVGMGIVM SLIVLAIVFG N

6. norway_bet... ME"HGND QERDE AWVVGMAILM SVIVLAIVFG N
7.shiprat_bet... ME"HGND QERDE AWVVGMAILM SVIVLAIVFG N

8. rifleman_be... LSRD AWTVGMSILM SVIVLAIVFG N

9. kakapo_bet... LSRD VWTVGMGILM SVIVLAIVFG N

. 10. zebrafinch... MAAAG VSRD VWMVGMGILM SVIVLAIVFEG N
& 3 11. possum_b... E AWMVGLGIVM SITIVLATVFG N
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3. Identify targets that differ between species O

o4

« Use sequence alignment to identify differences across species
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1. duck_beta (... MGVAGTE
2. kiwi_beta (b...

3. human_bet... MGQF GNGSAF

4. mouse_bet... MGFHGNDSDF

5. stoat_beta2... MGQF GNRSVF

6. norway_bet... ME-"HGNDSDF

7.shiprat_bet... ME"HGNDSDF

8. rifleman_be... GTV

9. kakapo_bet... MGVAGTE

o, 10. zebrafinch... MAAAGTE
- e, § 3 = 11. possum_b...




x: 3. Identify targets that differ between species

« How different do target
proteins need to be between
species?

« Exact sequence identity will
depend on location -
functional domain

« Examples of species-specific
pharmacology based on as
little as 1 amino acid

Ter Haar et al,, 2010



« Defining ‘species-specificity’



x: 3. Identify targets that differ between species 9

 Defining ‘species-specificity’ 100; @
= ‘ Target
« Toxin should be able to 2T | @ Non-target
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Computational Pipeline O

= genome

« BLASTP and TBLASTN for initial screen
« Guide to Pharmacology list of GPCRs = bait seq

« Confirm 7 transmembrane domains (Pfam, HMMER)
« Custom Python script

* OrthoFinder, reciprocal BLAST, annotation

» Custom R script

« MUSCLE, MAFFT, Clustal
* Protein models using PyMol and MODELLER



What is NeSI?

New Zealand eScience
Infrastructure

(NeSl) designs, builds, and
operates a specialised platform of
shared high performance
computing infrastructure and a
range of eResearch services.

All researchers in New Zealand
have access to NeSl.

Contact support@nesi.org.nz

NeSlI is a national collaboration of:
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UNIVERSITY
N E
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INISTRY OF BUSINESS,
NNOVATION & EMPLOYMENT
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NeS| O

New Zealand eScience
Infrastructure

High performance computing (HPC) and
analytics

Data services

Training and researcher skill development

Training to grow capabilities in NZ research sector

Partnership with The Carpentries and Genomics
Aotearoa for bioinformatics training

Consultancy



@ Results O

birds
Receptorl ¢ mustelids
. # possum
1 P d bl Receptor2 ¢ rodents
. Predictable « od

Receptor3 & cat

2. Variation
3. Outhers Recoptors

Receptor6
Receptor7
Receptor8
Receptor9
Receptorl0
Receptorll

Receptorl2

S N S

Sequence identity (% vs human)




Disease
association

Molecular
pharmacology

compounds

Target validation

Expression
profile

Transgenics

Tool

Genetic
variants

Protein structure
and dynamics

OpenTargets,
Druggable Genome

Protein:protein

interactions

Adapted JP Hughes et al. Br J Pharmacol 2011



Target validation

Disease Expression Genet: it
association profile enhetic variants
GWAS, OMIM HPA, SRA GPCRdb
Molecular Transaenics Protein structure
pharmacology 9 and dynamics
Mouse phenotype
Tool Protein:protein
compounds interactions
W) P Hughes et al. BrJ Pharmacol 2011

OpenTargets,
Druggable Genome




@ Validate target O

3D protein homology
modelling

* Stoat receptor

PDB: 5TGZ



Molecular Eco-
modelling toxicology

Target-
driven drug
design

Species-specific

Phyl ti ;
ylogenetics toxins

Subtype-specific Comparative
pharmacology physiology




Thanks! O Manaaki Whenua
Any questions?
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@ Validate target

Targets

FULLTHERAPEUTIC HYPOTHESIS {

CELL STATE

OpenTargets



